The Holliday junction is an essential intermediate of homologous recombination. RecA of Bacteria, Rad51 of Eukarya, and RadA of Archaea are structural and functional homologs. These proteins play a pivotal role in the formation of Holliday junctions from two homologous DNA duplexes. RuvC is a specific endonuclease that resolves Holliday junctions in Bacteria. A Holliday junction-resolving activity has been found in both yeast and mammalian cells. To examine whether the paradigm of homologous recombination apply to Archaea, we assayed and found the activity to resolve a synthetic Holliday junction in crude extract of Pyrococcus furiosus cells. The gene, hjc (Holliday junction cleavage), encodes a protein composed of 123 amino acids, whose sequence is not similar to that of any proteins with known function. However, all four archaea, whose total genome sequences have been published, have the homologous genes. The purified Hjc protein cleaved the recombination intermediates formed by RecA in vitro. These results support the notion that the formation and resolution of Holliday junction is the common mechanism of homologous recombination in the three domains of life.
Genetic recombination is important in generating genetic diversity and in repairing various types of lethal damage to DNA. The Holliday junction is a critical intermediate structure formed during homologous recombination, in which two homologous duplex DNA molecules are held together by a single-stranded crossover (1) . The strand-exchange reaction is mediated mainly by RecA family proteins both in Bacteria and Eukarya. The molecular mechanisms of this early stage of homologous recombination have been studied extensively (reviewed in refs. 2, 3) . On the other hand, the mechanism of the late stage of the DNA recombination, in which the Holliday junctions are processed correctly to form the recombinant duplexes, has been analyzed so far mostly in Escherichia coli (reviewed in refs. 4, 5) . In E. coli, the RuvA and RuvB complex specifically binds to the Holliday junction and promotes branch migration. RuvC cleaves the Holliday junction when the junction migrates to the favorite sequence of the cleavage. The alternative route of the junction processing by RecG, which has a branch-migration activity similar to that of RuvAB, is not well understood.
The Holliday junction-resolving activity has been identified from a wide variety of organisms from bacteriophage to mammals (reviewed in ref. 6 ). The biochemical properties of RuvC endonuclease have been well studied. The crystal structure of RuvC was determined at atomic resolution, and the putative model of RuvC complexed with the Holliday junction was also prepared to suggest the cleavage mechanism of DNA (7, 8) . The other corresponding enzymes were isolated only from bacteriophage T4 (Endonuclease VII), bacteriophage T7 (Endonuclease I), Lambloid prophage (RusA), and yeast (Endonuclease CCE1). The junction-selective nucleolytic activities have been observed in extracts from mammalian cells (9) (10) (11) (12) . However, further analyses have failed so far to identify the proteins with the activity and the responsible genes. In yeast, CCE1 is known to be a mitochondrial protein (13) . Two more identified activities in yeast called X1 and X3 have not been characterized yet (14, 15) . There are homologs of the E. coli ruvA, ruvB, and ruvC genes in the majority of bacterial genomes, although some bacteria lack the homolog of RuvC (16) . However, there are no ORFs having similar sequences to bacterial RuvA, RuvB, and RuvC proteins in Eukarya and Archaea in the currently available public databases including the total genomes of Saccharomyces cerevisiae (17) and four archaeal strains, Methanococcus jannaschii (18) , Archaeoglobus fulgidus (19) , Methanobacterium thermoautotrophicum (20) , and Pyrococcus horikoshii (21) . Therefore, the question is whether Holliday junctions in the eukaryal and archaeal cells may be processed via novel mechanisms, distinct from that identified in Bacteria, or whether they may be processed by a similar mechanism in Eukarya and Archaea, albeit the sequence of the responsible enzymes may be distinctly different from that of bacterial Ruv proteins.
The RecA͞Rad51 structural homologs have been found in Archaea (22) , and preliminary characterizations suggest that they are also functional homologs (23, 24) . These results show that the archaeal homologs named RadAs are both structurally and functionally similar to the RecA͞Rad51 family proteins in the other domains, and they probably play a central role in recombination and repair. The amino acid sequences of archaeal RadAs are more similar to eukaryal Rad51͞Dmc1 homologs than to bacterial RecA homologs. From this finding, we expected that the archaeal proteins involved in DNA recombination might be more similar to the eukaryal counterparts and have been trying to identify the proteins involved in the processing of the Holliday junctions in the archaeal cells.
In this study, we identified a Holliday junction-cleaving activity in the hyperthermophilic archaeon, Pyrococcus furiosus, and cloned the gene encoding the protein with the activity. We investigated the general biochemical and physical properties of the purified protein, named Hjc (Holliday junction cleavage).
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MATERIALS AND METHODS
DNA Substrates. Fourteen oligonucleotides (oligos 1-14) were synthesized for making DNA substrates. The sizes of the oligos are: 1-7, 10, and 12, 70 bases; 8 and 9, 59 bases; 11, 60 bases; 13 and 14, 68 bases. Their sequences are available on request. The oligonucleotides were labeled at 5Ј termini with [␥-32 P] ATP by T4 polynucleotide kinase and were annealed with the complementary oligonucleotides in TAM buffer containing 40 mM Tris⅐acetate (pH 7.8) and 0.5 mM Mgacetate. Four-way junction with nonhomologous sequence in the junction center (4J) is composed of oligos 1, 2, 3, and 4. Four-way junction with homologous sequence in the core (4Jh) is composed of oligos 2, 5, 6, and 7. Four-way junction with homologous sequences and asymmetrical arm length (4Jhs) is composed of oligos 5, 7, 8, and 9. Three-way junction with nonhomologous arms (3J) and homologous arms (3Jh) are composed of oligos 2, 3, and 13, and oligos 2, 6, and 14, respectively. Duplex DNA (D), Looped-out DNA (L10), and G͞A mismatched DNA (G͞A) are composed of oligos 2 ϩ 10, 2 ϩ 11, and 2 ϩ12, respectively. Half-cruciform DNAs (Hc1 and Hc2) are composed of oligos 2 ϩ 5 and 2 ϩ 6, respectively. 4Jh, 4Jhs, and 3Jh have a mobile homologous core region.
Endonuclease Assays. Aliquots (4 l) of P. furiosus cell extract prepared as described below was incubated with 10 nM of 32 P-labeled various substrate DNAs in 36 l of the standard reaction mixture containing 10 mM Tris⅐HCl, pH8.8, 10 mM MgCl 2 , 200 mM KCl, and 1 mM DTT at 56°C for 30 min. The reactions were stopped by phenol, and the DNA products were analyzed by PAGE in TAE buffer (40 mM Tris⅐acetate, pH7.8, 1 mM EDTA) or by denaturing PAGE in TBE buffer (90 mM Tris-borate, pH 8.3, 2 mM EDTA).
Purification of the Holliday Junction Cleavage Activity from P. furiosus Cell Extract. P. furiosus strain Vcl, DSM3638 T (25) was cultured as described earlier (26) . The cells from 2 liters of culture were suspended in 80 ml of buffer A (50 mM Tris⅐HCl, pH 8.0͞0.1 mM EDTA͞0.5 mM DTT͞10% glycerol) containing 1 mM of PMSF and were disrupted by sonication. After centrifugation of the mixture at 30,000 ϫ g for 20 min at 4°C, proteins (Fraction I) were precipitated with ammonium sulfate (80% saturation) and were dialyzed against buffer A. The dialysate (Fraction II) was applied onto a HiTrap Q column (Amersham Pharmacia) and developed with a 0-1 M NaCl gradient in buffer A. The active fractions eluted at 0.5-0.8 M NaCl were dialyzed against buffer B (10 mM potassium phosphate, pH 6.8͞7 mM 2-mercaptoethanol͞0.05 mM CaCl 2 ͞10% glycerol). The dialysate (Fraction III) was applied onto a hydroxyapatite column (Bio-Rad) and developed with a 0.01-1 M potassium phosphate gradient in buffer B. The active fractions eluted at 0.6-0.8 M potassium phosphate were dialyzed against buffer A (Fraction VI) and applied onto a heparin-Sepharose column (Amersham Pharmacia). This column was developed with a 0-1.5 M NaCl gradient in buffer A, and the activity was eluted at 0.9-1 M NaCl. These fractions were dialyzed against buffer A and stored on ice (Fraction V).
Cloning and Identification of the hjc Gene. The cosmid-based genomic library of P. furiosus was prepared, and heat-stable protein extracts were obtained from 500 independent clones as described earlier (27) , except that heat treatment was performed at 85°C for 10 min. The heat-stable extracts were used for the junction-specific endonuclease assay as described above. Cosmid DNA was prepared from the clone having heat-stable Holliday junction cleavage activity and was partially digested by EcoRI. The DNA fragments were inserted into pUC118, and the resultant plasmids were transformed into E. coli. The heat-stable extracts were prepared from the clones and were used for the junction endonuclease assay. The plasmid named pPFHJ1 containing about a 6-kb fragment shown in Fig. 2 was found to have the activity. To determine the ORF responsible for the activity, deletion mutant series were prepared from pPFHJ1 by digestion with restriction enzymes. Seven fragments shown in Fig. 2 were cut out by indicated enzymes and were inserted into pUC118 (lanes 2 and 7) or pBluescript (lanes 3-6 and 8) vectors. The nucleotide sequences of the DNA fragments were analyzed by a DNA sequencer (ABI Prism 310 genetic analyzer, Applied Biosystems). The sequence of the gene encoding Hjc has been deposited at the DNA DataBank of Japan and has been assigned the accession number AB023635.
Construction of a Plasmid for Overproduction of Hjc Protein. The hjc gene was amplified by PCR directly from genomic DNA of P. furiosus. To maintain the accuracy of amplification, Pfu DNA polymerase (Stratagene) was used. Ten nanogram of P. furiosus DNA and 20 pmol of each primer were added to the standard PCR mixture, and 25 cycles with 30 sec each of temperature profile at 94°C, 55°C, and 72°C were performed. The primers are 5Ј-CGTCGCACGAGCATATGTATAGAAAAG GGGCCC-3Ј and 5Ј-CGCACGAGGATATCTTATCAT-GATTTCCCCTCCAAC-3Ј for forward and reverse, respectively. To adjust the translational initiation codon at the NdeI site of pET21a (Novagen), a NdeI recognition sequence was made in the forward primer. The PCR product was digested with NdeI and inserted into the NdeI-blunt-ended pET21a. The resultant plasmid was designated pPFHJ2.
Purification of Recombinant Hjc Protein. E. coli BL21(DE3) carrying pPFHJ2 was grown in 2 liters of Luria-Bertani medium containing 100 g͞ml ampicillin to OD 600 of 0.7, and the expression of the hjc gene was induced by isopropyl-D-thiogalactoside to a final concentration of 1 mM. After incubation for a further 5 h, the cells were harvested, suspended in 120 ml of buffer A containing 1 mM of PMSF, and disrupted by sonication. The supernatant from centrifugation at 30,000 ϫ g for 20 min was mixed with polyethylenimine at a final concentration of 0.1%. The supernatant was taken by centrifugation, and proteins were precipitated with ammonium sulfate (80% saturation). The precipitate was resuspended in and dialyzed against buffer B and then was treated at 80°C for 30 min. The heat-resistant fraction obtained by centrifugation was applied onto a hydroxyapatite column (Bio-Rad), and it was developed with a 0.01 to 1-M potassium phosphate gradient in buffer B. The fractions eluted at 0.6-0.8 M potassium phosphate contained Hjc protein. These fractions were dialyzed against buffer A and applied onto a MonoQ column (Amersham Pharmacia). The passthrough fraction of the column was directly applied onto a heparin-Sepharose column (Amersham Pharmacia). The chromatography was developed with a 0-1.5 M NaCl gradient in buffer A and the activity eluted at 0.9-1 M NaCl. Peak fractions were dialyzed against buffer A and stored on ice. The concentration of Hjc was determined by using a molar extinction coefficient M of 1.06 ϫ 10 4 M -1 ⅐cm
Ϫ1
, which was obtained by a method of Gill and von Hippel (28) .
Determination of Hjc Cleavage Sites. The synthetic Holliday junctions, 4J and 4Jh (10 nM) having uniquely 32 P-labeled arm were incubated with or without Fraction V (4 l) or purified recombinant Hjc (10 nM) at 56°C for 1 hr in standard reaction buffer (40 l), as described above. The reaction was treated by phenol, and the mixture (8 l) was mixed with 6 l of a loading buffer (98% deionized formamide͞1 mM EDTA͞0.1% xylene cyanol͞0.1% bromphenol blue). The products were analyzed by denaturing PAGE and autoradiography.
Resolution of Recombination Intermediates. The formation of recombination intermediates by strand-exchange reaction was performed basically as described by Muller et al. (29) . For the preparation of the gapped DNA (gDNA), single-stranded circular DNA of plasmid pUC118 and KasI-PstI-digested doublestranded pUC118 were mixed. E. coli RecA protein was prepared as described earlier (30) . The plasmid pKM300 for the overproduction of RecA was obtained from T. Horii (Osaka University). RuvC protein was purified by H. Iwasaki (Osaka University) as described earlier (31) . RecA-mediated strand-exchange reaction was performed in a buffer containing 20 mM Tris⅐HCl, pH7.5, 15 mM MgCl 2 , 2 mM DTT, 2 mM ATP, and 100 g͞ml BSA. gDNA P-labeled linear duplex pUC118 (3 M), which had been cut with PstI. After 20 min of incubation, aliquots were mixed with various concentrations of purified Hjc protein Fraction V from P. furiosus or RuvC (0.17 M, as a control) and were further incubated at 55°C for 10 min (RuvC, at 37°C for 1 hr). The reaction was stopped by adding SDS (0.5%), EDTA (40 mM), and proteinase K (2 mg͞ml) and incubated for an additional 15 min at 37°C and then analyzed by 1.2% agarose gel electrophoresis.
Sedimentation Equilibrium. Sedimentation equilibrium analysis was performed with a Beckman XL-I Optima Analytical Ultracentrifuge (Beckman Coulter) equipped with absorbance optics. The initial Hjc concentration was 20 M in buffer A containing 0.1 M of NaCl. The sample was centrifuged at three different speeds, 15,000, 17,000, and 20,000 rpm at 20°C, and the absorbance was monitored at 280 nm. The oligomerization state was determined by fitting the data to a single species, by using Origin Sedimentation Equilibrium Single Data Set Analysis (Beckman Coulter). The partial specific volume used for this analysis was 0.746 ml͞g, calculated from the weighted average of the amino acid content by using the method of Cohn and Edsall (32) , and the density of the solvent was calculated to be 1.026 g͞ml.
Immunodepletion Analysis. Rabbit polyclonal antibody was raised against homogenous Hjc protein. The polyclonal antisera: anti-Pfu-PCNA, a P. furiosus PCNA protein (I. K. Cann, S. Ishino, I. Hayashi, K.K., H. Toh, K.M. & Y.I., unpublished data) and anti-PI-PfuI, a P. furiosus intein protein (K.K., N. Fujuta, K. Ichiyanagi, H.S., K.M., and Y.I., unpublished data) were used as controls. All subsequent steps were carried out at room temperature as described earlier (33) . The immunodepleted extracts were analyzed by endonuclease assay. The precipitants were analyzed by Western blotting by using an enhanced chemiluminescence system (Amersham Pharmacia) according to the method of the supplier.
Computer Analysis of the Amino Acid Sequences. Search for the homologous sequences in the databases with BLAST (34) was carried out at a website (http:͞͞www.ncbi.nlm.nih.gov͞cgi-bin͞ BLAST͞nph-newblast?Jformϭ0). CLUSTAL W (http:͞͞www-.clustalw.genome.ad.jp͞) was used for the amino acid sequence comparison of the Hjc and other archaeal homologs and for a multiple sequence alignment of them.
RESULTS
Identification and Partial Purification of Junction-Resolving Activity from P. furiosus. We identified an activity that cleaves a synthetic Holliday junction in the cell extract of P. furiosus after trying various assay conditions. Inclusion of 200 mM KCl in the reaction, which increased the cleavage activity about 4-fold, was critical for the detection of the activity in the crude extracts. The partially purified activity corresponded to a protein band of 14 kDa by the third column chromatography (heparin-Sepharose) as shown in Fig. 1 . To examine the substrate specificity of this enzyme activity, we prepared several kinds of DNA substrate, including four-way junctions with or without a central homology core, three-way junctions, half-cruciform, looped-out DNA, and duplex DNA containing one base mismatch. The peak fraction of the activity (Fraction V) cleaved only four-way junctions regardless of the presence of homologous sequences at the junction center (data not shown). No normal duplex DNA with the same sequences of the Holliday junction substrate and the single- stranded DNAs themselves used in this assay was cleaved (data not shown), which suggested that the cleavage activity is not sequence specific. Cloning and Expression of the Gene for the Junction Resolvase. We screened for the Holliday junction cleaving activity from the heat-stable protein libraries of P. furiosus as described in Materials and Methods. Among 496 independent heat extracts of E. coli transformants, we isolated five clones producing a protein that cleaves specifically the synthetic Holliday junction. All of the five clones contained the same region of P. furiosus genomic DNA in the cosmid vector. As shown in Fig. 2 , subcloning, sequencing, and deletion analysis of one of the inserted DNA in the cosmid showed that the shaded region in the map is important and that the ORF shown by the closed arrow is responsible for the activity. The size of the deduced protein from the ORF (13,766 Da) was matched to that of the band detected in the SDS͞PAGE of partially purified fraction shown in Fig. 1 . Therefore, the gene for the ORF was amplified from the genomic DNA of P. furiosus by PCR and inserted into the expression vector, pET21a, and the nucleotide sequence of the insert DNA was confirmed. The recombinant E. coli BL21(DE3) carrying the resultant plasmid pPFHJ2 was cultivated, and the target protein was successfully overproduced by IPTG induction. Therefore, the protein was purified to homogeneity by the three sequential chromatographies (Fig. 2C) . During the purification, we found that the protein has strong affinity for DNA, and polyethylenimine treatment and hydroxyapatite column chromatography were very effective for the separation of the protein from DNA. From 2 liters of E. coli culture, about 5 mg of protein was purified. The highly purified protein was used for the junction cleavage assay, and it was confirmed to have an activity to cleave the junction DNA specifically as described below. From these results, we named it Hjc (Holliday junction cleaving protein) .
Immunological Analyses. By using highly purified Hjc protein from recombinant E. coli, polyclonal antibody was prepared (Fig.  3A) . Western blotting analysis showed that a protein that can specifically react with the antibody was present in the Fraction V of P. furiosus cells (Fig. 3B) . The junction-cleaving activity in the cell extract was depleted by treatment with anti-Hjc antibody but not with other antibodies (Fig. 3C) . Moreover, a protein corresponding to the size of Hjc was precipitated with anti-Hjc antibody (Fig. 3C) . These results strongly support that the activity originally found in the cell extract of P. furiosus was derived from the cloned gene product. We could detect the very faint band of Hjc protein in the crude cell extract of P. furiosus by Western blotting analysis by using the anti-Hjc described above (data not shown). This fact suggests that the amount of Hjc in the cells is not large but its specific activity is high. Fig. 3C shows that Hjc protein was coprecipitated with Pfu-PCNA by anti-Pfu-PCNA (lane 3). This result was reproducible; however, it is not known whether the interaction of the two proteins has some biological meaning.
Biochemical Characterization of Hjc Protein. Substrate specificity was analyzed by using the highly purified Hjc protein (Fig.  2C ) and the various forms of DNA in the standard assay condition determined above. Hjc cleaved efficiently the four-way junctions. However, it also cleaved three-way junctions (both mobile and immobile) and looped-out DNA substrates, although very inefficiently (data not shown). The exact cleavage sites of the cleavable substrates were determined. As shown in Fig. 4 , strands 2 and 4 were mainly cleaved at one specific site in both immobile and mobile four-way junctions, even though other sites, especially in the mobile junction, were cleaved with much less efficiency. These results were exactly the same as those from the partially purified fraction (Fraction V) from P. furiosus cells (data not shown). We observed a pair of dominant cleavage sites located symmetrically across the junction in both mobile and immobile junction, as is the case with other junction resolvases. Minor cleavage sites of the latter were also located symmetrically across the junction. Hjc can cleave mobile and immobile junctions with similar efficiencies. This property is the same as that of a mammalian activity (35) but is in contrast with E. coli RuvC, which requires at least 2 bp of the homology core at the junction center (36) .
We tested whether the nicked strand in the resolved duplex DNA is rejoined by ligation by using the junction 4Jhs as basically designed, as described earlier (35) . Most of the major cleavage 32 P. The intermediates of the strand-exchange reaction contained Holliday junctions as shown in Fig. 5A , which were resolved by RuvC to give rise to a linear dimer recombinant product (Fig.  5B, lane 13) as reported previously (37) . By using this in vitro recombination system, the resolvase activity of Hjc was tested. As shown in Fig. 5B , the intermediates disappeared and the linear dimer products came up in the concentration-dependent manner of Hjc. The Fraction V from P. furiosus also had the activity to resolve the intermediate (Fig. 5B, lane 12) . The nicked circular products made from the cleavage of the other direction also increased in the concentration-dependent manner of Hjc. These results show that Hjc is a functional homolog of RuvC.
Hjc Protein Forms Dimer in Solution. To determine the native molecular weight of Hjc, we measured sedimentation equilibrium profiles of Hjc protein with a Beckman analytical ultracentrifuge (Beckman Coulter). The apparent molecular weights of Hjc in the buffer A containing 0.1 M NaCl were 25,000, 26,815, and 27,495 Da, respectively, obtained from the three experiments at different speeds. These values are about twice the monomer size Hjc with deduced weight of 13,766 Da. This result indicates that Hjc protein exists as dimer in the solution and probably binds to and cleaves the Holliday junction in the same homodimeric form as other junction resolvases.
Hjc Homologs in Archaea. The deduced amino acid sequence of Hjc is not similar to that of any known protein from Eukarya and Bacteria in the public databases. However, ORFs having highly similar sequences were found in the genomes of four archaeal organisms, M. jannaschii, M. thermoautotrophicum, A. fulgidus, and P. horikoshii, all of which genomes have been completely sequenced. The sequence identities among these archaeal strains are 30% on average. The multiple sequence alignments of these proteins are shown in Fig. 6A . To show how different the sequence of Hjc is from that of RuvC, the two sequences were aligned (Fig. 6B) . In the Hjc protein family, the N-terminal half-regions are more conserved, compared with the C-terminal half. In contrast, bacterial RuvC proteins are more conserved in the C-terminal region (16) . There were several acidic and basic amino acid residues that are completely conserved in the proteins from five archaeal strains. Some of these residues may constitute a catalytic center of the nucleolytic reaction.
DISCUSSION
This is the first report, to our knowledge, describing a Holliday junction-resolving enzyme in Archaea. The protein presented in this study, which is named Hjc, introduces symmetrically related nicks into two DNA strands of like polarity as observed with RuvC and other known resolvases. Therefore, Hjc can be grouped in the category of Holliday junction resolvases as proposed earlier (35) , although it does not share the sequence similarity of any enzymes among them.
Present studies suggest that mechanisms of homologous DNA recombination are fundamentally conserved among three biological domains, Bacteria, Eukarya, and Archaea. Functional and structural homologs of RecA proteins of Bacteria are identified in Eukarya and Archaea, and all of them are shown to be involved in homology search and strand-exchange reaction leading to formation of recombination intermediates (3, 24) . Hjc protein efficiently cleaves the recombination intermediate formed by
RecA as efficiently as bacterial RuvC Holliday junction resolvase in a similar manner (Fig. 5) . These results strongly support that formation and resolution of recombination intermediates are carried out in Archaea by mechanisms similar to those in Bacteria and probably in Eukarya. Formation of Holliday junctions as recombination intermediates have been demonstrated in S. cerevisiae in vivo (38) and activities similar to RuvC have been identified in mammalian cells (35) , although the responsible gene for the activity has not been isolated.
We could not find any ORFs having homologous sequence to that of Hjc in the currently available databases. Instead, we found that the sequence of Hjc is clearly conserved in the genomes of euryarchaeotes. This fact shows that the protein must be important for the life of organisms in at least this subdomain of Archaea. The DNA of the hyperthermophilic archaea is known to be extremely resistant to breakage in vivo by radiolysis and thermolysis (39, 40) . DiRuggiero et al. showed that the chromosomal DNA in P. furiosus cells was repaired at 95°C after dramatic fragmentation by ionizing radiation (41) . These results suggest the presence of very active mechanisms for double-strand break DNA repair in hyperthermophilic Archaea, and Hjc homologs may be some of the crucial enzymes in the process. It would now be very interesting to know whether the protein is also conserved in Crenarchaeota, the other subdomain of Archaea, because most of the organisms found to date in this subdomain are hyperther- It is necessary to analyze the phenotypes of the hjc mutants to know whether Hjc is actually involved in the homologous recombination and the recombinational repair in vivo. However, no genetic engineering techniques are applicable to P. furiosus. Searching for the homologs in the methanogenic and halophilic Archaea, whose host-vector systems are available, is interesting for functional analyses, such as making disruptants of the hjc gene. It is also very important to find proteins that can promote the branch migration of the Holliday junctions in P. furiosus. Hjc proteins may help as a probe to isolate the proteins related to the branch migration process. The discovery of a Holliday junction resolvase in Archaea sheds light on the understanding of the molecular mechanism in the late stage of DNA recombination in Archaea.
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